Cyclopropanation of alkenes can be accomplished catalytically2 or stoichiometrically.3 Catalytic systems typically use a diazo reagent as the carbene source and a metal-containing mediator which forms a postulated metal carbene intermediate. Transfer of the carbene fragment from the metal to an alkene produces the cyclopropane product. Despite the wide variety of catalytic cyclopropanation systems, the putative carbene complex has never been isolated or observed in a catalytic system. This is somewhat surprising since the second category of cyclopropanation reactions involves the stoichiometric reaction of isolated car bene complexes with an alkene to form a cyclopropane. None of the isolated carbene complexes show catalytic cyclopropanation activity. Several years ago Callot demonstrated that rhodium porphyrins catalytically cyclopropanated a variety of alkenes in the presence of ethyl diazoacetate.4 Kodadek and co-workers have expanded this work and have attempted to prepare synthetically useful enantioselective catalysts for the formation of cyclopropanes.5 Their approach has been to use rhodium complexes with optically active porphyrins to induce chirality into the product. A similar approach was used for a variety of non-porphyrin copper catalysts.6 Kodadek has shown that the carbon-bound diazonium complex [(TTP)RhC(H)(C02Et)(N2W is an intermediate in the catalytic cyclopropanation of styrene with ethyl diazoacetate.7•8 In addition, kinetic studies suggest that the formation of a rhodium carbene complex is at least partially rate limiting.8 However, this carbene complex has not been isolated or directly observed. We report herein the use of osmium porphyrins as stereoselective cyclopropanation catalysts using ethyl diazoacetate with a variety of alkenes. In addition, our studies show that an isolable carbene complex ((TTP)Os=CHC02Et) is capable of catalytically and stoichiometrically cyclopropanating styrene.
--{),6 --{), 7 --{),9 --{).6 --{),6 2.0 1.4 16 The optimized structures for BC 2 H 2 , HBC 2 , HBC 2 H 2 , and cyclopropene are given in Figure 2 . Calculated vibrational frequencies and intensities are given in Table II for the 11-12-12-1-1 BC 2 H 2 isotope. The strong calculated 1214.9-cm-1 band dominates the spectrum. Table I also lists the calculated harmonic isotopic fundamentals; multiplying by the average scale factor 0.964 gives calculated bands in agreement within a 1.0-cm-1 average for seven isotopic E band frequencies. (The fit for the five hydrogen isotopes with similar anharmonicities is ±0.3 cm- (Figure 2 ). Likewise the B-e bonds are shorter than typical single bonds [1.558 A in B(C 2 H 3 h]. 13 Similar evidence has been offered to support delocalization of the two 1r electrons over the three-membered ring and aromatic character for the BC 2 ring in trimesitylborirene. 12 Furthermore, the BC 2 rings in BC 2 H 2 and HBC 2 H 2 are seen to be virtually identical. Thus, the u radical site in BC 2 H 2 has no effect on the delocalized 1r bonding in the BC 2 ring. The photolysis of BC 2 H 2 in the near ultraviolet range indicates a strong absorption band in this region, in agreement with trimesitylborirene.13 The photolysis behavior also provides evidence for delocalized bonding as acetylene and ethylene absorb at shorter wavelengths.
The appearance of BC 2 H 2 on diffusion and reaction of B atoms at 18 K in solid argon follows similar behavior for B0 2 • 1 These exothermic reactions proceed without activation energy. The BC 2 H 2 radical is the simplest borirene species yet observed and characterized. Further studies are in progress in this laboratory 
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Communications to the Editor
Slow addition of a toluene solution of ethyl diazoacetate (0.10 mL, 950 ~mol) over 2 h to a vigourously stirred solution of [(T-TP)Osh (3.0 mg, 1.7 ~mol) and styrene (0.11 mL, 960 ~mol) at 22 °C results in the formation of ethyl-2-phenyl-1-cyclopropanecarboxylic acid ester (l) in 79(2)% yield as determined by GC. The antijsyn (a/s) isomer ratio is 10.2:1 (see Table 1 ). Under similar conditions, the carbene complex (TTP)Os= CHC0 2 Et (2) catalytically cyclopropanates styrene and ethyl diazoacetate to produce cyclopropane 1 in 63(2)% yield with an a/s isomer ratio of 8.9(6). The oxygen-and water-stable complex (TTP)Os(CO)(Py) (3) also serves as a catalyst precursor. When a toluene solution of ethyl diazoacetate (0. 10 mL, 950 ~mol) was added to a vigorously stirred solution of 3 (2.8 mg, 2.8 ~mol) and styrene (0.11 mL, 961 ~mol), 1 was obtained in 65(3)% yield with a/s = 9.5(2).
In the isoelectronic Rh porphyrin systems, carbene complexes have been proposed as the active species. From previous work we have demonstrated that the reaction of [(TTP)Oslz and ethyl diazoacetate forms the osmium porphyrin carbene complex 2. 9 Consequently, cyclopropanation reactions catalyzed by [(TTP)Oslz are likely to proceed through an osmium carbene complex. As a test for this hypothesis, (TTP)Os=CHC0 2 Et was treated with an excess of styrene. Cyclopropane 1 was formed stoichiometrically (73(5)%) and identified by proton NMR and GC analysis. The ajs isomer ratio of cyclopropane 1 produced in this reaction was ajs = 11.5(4). The similarity of the stoichiometric and catalytic stereoselectivities strongly supports a catalytic cycle in which an osmium carbene complex is initially formed and subsequently transfered to an alkene. In addition, a new porphyrin complex was observed by 1 H NMR 10 and formulated as a 1r-bound styrene complex ((TTP)Os(C 6 H 5 CH=CH 2 )., n = 1 or 2). The observed styrene signals are broadened and shifted upfield, indicating that a fast exchange process is occurring between coordinated and unbound styrene. Upon decreasing the ratio of styrene to osmium porphyrin, the alkene signals broaden into the base line.
Olefins such as a-methylstyrene, trans-~-methylstyrene, and 1-decene were also cyclopropanated with ethyl diazoacetate when (TTP)Os(CO)(Py) was employed as the catalyst. However, in these cases, significantly lower yields (13-39%) were observed, Table I . The anti/syn ratios are also lower with 1-decene and a-methylstyrene. The assignment of the syn and anti isomers for the a-methylstyrenHerived cyclopropane product was confirmed by 500-MHz 2D-NOESY proton NMR. For the cyclopropanation reaction of trans-~-methylstyrene with ethyl diazoacetate, only the cyclopropane isomer with the ethyl ester group anti to the phenyl was detected.
A vast majority of cyclopropanation catalysts transform alkynes to cyclopropenes. However, only a few are able to doubly cyclopropanate alkynes to generate the biocyclobutanes. Several significant aspects have evolved from the use of osmium meso-tetra-p-tolylporphyrin complexes as catalysts for the cyclpropanation of a variety of alkenes by ethyl diazoacetate. This system provides the highest antijsyn isomer ratio reported to date (a/s = 10) for the catalytic cyclopropanation of styrene by ethyl diazoacetate. 12 Unlike typical cyclopropanation catalysts which produce cyclopropenes from alkyne substrates, the osmium porphyrin catalysts generate bicyclobutanes from phenylacetylene. Moreover, we have isolated, on preparative scale, the first carbene complex, (TTP)Os=CHC0 2 Et, that is catalytically active toward cyclopropanation. The fact that this carbene complex can stoichiometrically cyclopropanate styrene with the same stereoselectivity as in the catalytic process is further evidence for it as an important species in the catalytic cycle.
The neutral osmium complexes reported here are isoelectronic with the cationic rhodium porphyrin complexes observed by Kodadek. The positive charge on the rhodium complexes may be an important factor which activates the carbene ligand toward nucleophilic attack by the alkene and prevents isolation of the cationic car bene complex. However, the lack of a positive charge in the osmium system allows the isolation of the osmium car bene complexes. Nonetheless, the neutral osmium complexes appear to be highly efficient cyclopropanation catalysts. Other diazo reagents are being examined for use in the catalytic cyclopropanation of alkenes and alkynes. In addition, further mechanistic investigation is under way.
